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TOW~SFEED AERODYNAMIC CHARACTERISTICS OF A
MODEL OF THE DS-1 GLIDER¥*

By Clyde Q. Allen
SUMMARY

The model was tested at Mach numbers of 0.26 and 0.50 and at Reynolds
nunbers from 5 to 24 million based on the mean aerodynamlc chord. The
delta-wing glider had 730 of sweep and the configurations included five
different body shapes, four vertical tall arrangements, and two sizes each
of wing leading-edge radii, elevons, and wing-tip extensiocns.

Results showing the static longitudinal and lateral-directional
aerodynamic characteristics are presented without analysis.

INTRODUCTION

The results presented herein were obtained in the Ames 12-Foot
Pressure Wind Tunnel as part of the NASA program supporting the Dyna Soar
Project of the United States Air Force. A 0.15-scale model of the DS-1
re-entry glider was supplied by the Boeing Airplane Company. Several
configurations of thils delta-wing gllider were tested at Mach nunbers of
0.26 and 0.50 to evaluate the low-speed longitudinal and lateral-
directional characteristics. The glider configurations Included five
different body shapes, four vertical tall arrangements, and two sizes
each of wing leading-edge radii, elevons, and wing-tip extensions. The
angle~of-attack range was from -4° to +25°, and the angle-of-gideslip
range was from -4° to +16°. The Reynolds nunbers ranged from 5 to 2k
million based on the wing mean aerodynamic chord. The majority of the
configurations were tested at a Mach number of 0.26 and at a Reynolds
number of either 5 or 15 million. To expedite publlcation, the data are
presented wlthout analysis.

*Title, Unclassified
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COEFFICIENTS AND SYMBOIS

The measured force and moment coefficients presented in this report
are referenced to the body-axis system, except the 1ift and drag coeffi-
clents which are referenced to the wind-axis system (see fig. 1). The
moments for all configurations are referred to a point 3.152 feet aft of
the vertex obtained by extending the leading edges, and 3.75 inches above
the bottom surface of the wing. For all configurations except those
involving the Ey elevons, this moment center is at 43.73 percent &.
For configurations involving the E, elevons, the moment center is at
38.34 percent Gc.

b span, 2.883 £t (19.22 ft, full scale)

c mean aerodynamic chord, 3.098 ft (for WyE;)(20.65 ft, full scale);
3.167 £t (for WiEs)(21.11 ft, full scale)

C;,  1ift coefficient, ligﬁ
q

Cm pltching-moment coefficient, pitching moment

qsc
Cp drag coefficient, drag
Gy  side-force coefficlent, 1ateraé force
q
Cn yawing-moment coefficient, yawing moment
gsSh
Cq rolling-moment coefficient, rollingbmoment
Q
=P
Cpb base~pressure coefficient, EE————
M free-stream Mach number
Pp base pressure
P free-stream static pressure
q free-stream dynamic pressure
R Reynolds number based on wing mean aerodynamic chord, 3.098 ft

S wing area, 7.486 sq £t (for WiE;)(332.7 sq £t, full scale);
8.139 sq ft (for WyE,)(361.7 sq ft, full scale)
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o angle of attack (referred to bottom surface of wing) corrected for
tunnel~wall interference, deg

¥

oy geometric angle of attack (referred to bottom surface of wing), deg

oUq incidence of tip extensions (measured between the wing-tip-extension
chord and the bottom surface of wing)(negative deflection -
tip-extension tralling edge up), deg

B angle of sidesllp, deg

Be elevon deflection (measured between the bottom surfaces of wing
and elevon)(negative deflection - elevon tralling edge up), deg

The following symbols are used in this report to describe the glider
configurations and will ldentify the component parts of each configuration.

Wq 73° swept wing

Ly standard wing leading edge (4-in. lower radius, 2~in. upper radius,
full scale)

Ip modified wing leading edge (L~-in. lower radius, 6-in. upper radius,
full scale)

By standard body

B cone=cylinder body

Ba By body with extension (used only with E; elevons)

By flat-nosed body (see“fig. 5(a))

Vi  standard vertical tails, &° toe-in (31 sq £t each, full scale)

Vo large vertlcal tails, tilted out 20° (43 sq ft each, full scale)
Vs large vertical talls, not tilted out (43 sq ft each, full scale)
Va standard vertical tails, 4° toe-in (31 sq £t each, full scale)

Ey standard elevons (small elevons; total area, U5 sq ft, full scale)
B large elevons (total area, 68.2 sq £t, full scale)

Ty large wing-tip extension (low aspect ratio; total area, 22.98 sq ft,
full scale)

¢
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Ts small wing tip extension (high aspect ratio; total area, 11.9 sq ft,
full scale)

X1 body fillet
MODEL

The 0.15-scale model was supplied by the Boeing Airplane Company.
The model had a modified delta plan-form wing with 73° sweep and a fuselage
mounted on the upper surface of the wing. The wing and control surfaces
were made of aluminum and the bodles were fabricated from aluminum, wood,-
and lmpregnated glass fiber. The components used for the various modifi-
catlons are listed under the section Coefficlents and Symbols and the
principal model dimenslions are given in figure 2. Photographs of some of
the model configurations are presented in figures 3 through 7. The model .
was supported by an Internal six-component straln-gage balance and was
sting mounted in the wind-tunnel test section. The elevons were actuated
by electric motors which permlitted remote control of the deflection
angles.

Seven orifices were used to survey the model base pressures on the
standard W;IL3B1V1E; configuration only. These orifices were dlstributed
across the tralling edges of the left vertical tall and elevon, and across
the left side of the body base, and were connected to a multiple-tube
manometer. A single orifice was secured to the sting inside the model
cavity just forward of the base.

TESTS

Six-component force and moment measurements were made in the Ames
12-~Foot Pressure Wind Tunnel to determine the longitudinal and lateral-
directional characteristics of the model configurations over an angle-of-
attack range from -4° to +25° and sideslip range from ~40 to +16°, the
latter at constant angle of attack of either 0°, 6° , or 9°. The free-
stream Mach number for most of the experiments was 0.26 and the Reynolds
number was eilther 5 million or 15 million. Some data were obtained for
a Mach number of 0.26 and a range of Reynolds numbers from 5 million to
24 million. In addition, measurements were also made for a Mach number
of 0.50 and a Reynolds number of 9 million. -

The elevons were deflected together as longltudinal controls or
differentially as roll controls, and the limits of deflection were +15°
and -200 The deflections of the wing-tip extensions were limited to 0°
and ~10°.
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Experiments were made at two Reynolds numbers with artificial
roughnesg on the standard gllder cconfiguration to insure a completely
turbulent boundary layer. The roughness was applied as strips of No. 60
and No. 100 carborundum grains along the wing leading edges.

Pregsure measurements were made for two Reynolds numbers for the
standard glider configuration at seven points distributed across the left
gide of the base and at a single point located within the model balance
cavity.

REDUCTION OF DATA

The data have been corrected for the induced effects of the tunnel
walls resulting from 1ift on the model by the method of reference 1. The
- magnitudes of the corrections which were added to the measured values are:

A,

H

0.52 Ci,

ACD

)

0.0091 CyZ

Corrections to the data to account for the effects of constriction due to
the tunnel walls were calculated by the method of reference 2, and angles
of attack and sideslip have been corrected for the deflection of the sting
support system under load. The effect of interference between the model
and sting support is not known.

The plan-form areas of the two types of elevons, Ey and Es, were
. ineluded In the wing area appropriate to each configuration. Hence, two
values for both wing area and mean serodynamic chord are listed in the
Coefficients and Symbols section. For configurations without the elevons,
the wing area used for calculating the force and moment coefficients
included the area of the small elevons, E;. It should be noted that for
,configurations with wing-tip extensions, the wing area was not adjusted
to include the areas of the tip extensions. Drag data are presented as
. measured wilithout adjustments for base pressure.

RESULTS

, The results of the wind~tunnel investigation of the DS-1 glider and
modifications are presented in figures 8 through 29 as follows:

& »
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. A
Static longitudinal characteristics Flgure
Standard DS-1 glider configuration
Effects of Reynolds number . . . v ¢ ¢ ¢ 2 v « ¢ o o« o« « o« « » 8
Comparison at Mach 0.26 and 0.50 v v v v ¢ o « o « =« « o » =« o« 9
Effects of wing-tlp extensions, Mach 0.26 . . . . .. . . . . 10
Effects of wing-tip extensions, Mach 0.50 . . . . S I X
Effects of large elevons E; and modified wing leading edge I, 12
Effects of body modifications s 4 e s e e e s e e s s e e s s « 13
Effects of the 4° toe-in vertical tall V. and other
modifications . « ¢« ¢ ¢ ¢ v ¢ o o . . . . s R
Effects of removing various components from the standard DS~1
glider ¢ + ¢ ¢ ¢ 4 ¢ ¢ e e . O 5
Effects of vertical tail modifications . . . » »  « v v + - - . 16
Effects of elevon deflections
Standard DS~1 glider « + .« « ¢« « « « . R
DS-1 glider with wing-tip extensions « « « + o = o « o o « « . 18
Modified glider with large elevons Ez . + « ¢ o « ¢ v ¢« » « . 19
Effects of wing-leading-edge transition strip . . . .« . . . . . 20

Base~pressure coefficlents on the standard DS-1 glider model . . . 21

Lateral-directional characteristies in sideslip at constant angle
of attack
Effects of Reynolds number for several configurations . . . . . 22
Effects of vertical tail modifications . « + ¢« ¢+ ¢ + ¢« ¢ ¢« « « o 23
Effects of body modifications and elevon configuration . . . . . 24
Effects of wing-tip extensions . . ¢« ¢ & ¢ ¢ ¢ ¢ ¢ ¢ ¢ 4 v o« . 25

Aerodynamic characteristics in pitech
Standard DS-1 glider model at constant sideslip angles . . . . . 26
DS-1 glider model with wing-tip extensions at constant sideslip
BNEZLES o o o v o o s o % e s 4 e o o s o s e s e s e . oe e 27
Effects of differential elevon deflection
Standard DS-=1 g1lider e « « « « o « o s o o « o o s o « o o« » o 28
DS-1 glider with large elevons Eo ¢« 4+ e « ¢ o o =« « o« « « ¢ « 29

It should be noted that for the majority of the results, the scale
of the pitching-moment coefficients is 0.01 per inch. This expanded scale
was used to maeke the effects of configuration modifications more apparent
than would have been the case 1f the pltching~-moment coefficients had
been plotted to the more conventional scale of 0.04 per inch used in
figures 17, 18, and 19.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., May 12, 1961
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Plan view

[ 1Z; T
T| Wlng-flp
~_extension— 6.75
extension
il 3304 \-45R
e———993 —— 1420

Side view

11

V, Vert. fin—_

,-— 6.75 —

Rear view

.

/—V| Vert. fin

Dimensions shown in inches

(b) Wing-tip extensions.

Figure 2.- Continued.
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(c) Side view.

(d) Top view.

Figure 3.- Concluded.
» o

»

A-27076

A-27077

w O\l >




A-27078

(a) Side view; large wing-tip extension Tj3; agp = 6%,

A-27079

(b) Top view; large wing-tip extension Ti; aq = ~10°.

Figure L4.- Photographs of the model with wing-tip extensions.
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A-27080
(c) side view; small wing-tip extension Ta; ap = 1™

A-27081
(d) Top view; small wing-tip extension Ts; ap = -10°.

Figure 4.- Concluded.
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A-27082
(a) Flat nosed body (WiLiBV1Ey)-

A-27083

(b) Cone-cylinder body (WilyBoViE:)-.

Figure 5.- Photographs @f the model y¥th body modifications.
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A-27084
(c) Standard body with fillet (WeL1BiV1EqXq) -

A-27088
(d) Model with the body removed (WyIqViEj).

Figure 5.- Concluded. .
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(a) Three-quarter front view.

(b) Front view.

Figure 6.- Photographs of the model with the large vertical tails tilted
out 20° (Wyl1B1VoE7)«

»
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A-27087

Figure T.- Photograph of the model with the modified wing leading edge,
extended body, vertical tails with reduced toe-in, and large elevons
(WiIpBsV4Es) .
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